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Abs tract 

Three polymeric materials were evaluated for relative 
toxicity of their pyrolysis products to rats by inhalation. These 
materials were : Y ~ 7 6 B 3 (LS 200), Y - 76 84 (Vonar 3 on Fiberglass), 
and Y-7685 (Vonar 3 on N W Polyester). Criteria employed for 
assessing relative toxicity were (1) lethality from in-chamber 
pyrolysis, (2) lethality from an out',jside-of-chamber pyrolysis 
procedure [MSTL Procedure], and (3) disruption of trained 
rats' shock-avoidance performance during sub-lethal exposures 
to in-chamber pyrolysis of the materials, 

The relative toxicity, based upon lethality, from in-chamber 
pyrolysis of these materials was: Y-7685 > Y-7684 > Y-7683. While 

the approximate L D s o for Y-7684 and Y-7683 was the same at 14 
days, deaths occurred sooner after exposure with Y-7684 than with 
Y-7683. 

The relative toxicity, based upon lethality, from the MSTL 
pyrolysis procedure ranks the materials as: Y-7684 > Y-7685 > 
Y-7683. 

The relative toxicity, based upon detrimental effect to 
conditioned-avoidance performance of rats exposed to pyrolysates 
(in-chamber pyrolysis method) of these materials, would rank 
these samples as: Y-7684 > Y-7685 > Y-7683. 
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I nt roduct io n 

This work is a continuation of previous studios to assess the 
relative toxicity, as expressed by lethality and alterations in 
trained (conditioned) behavior, to rats of pyrolysis/combustion 
products of spacecraft materials. While the experimental design 
still emphasizes the role of carbon monoxide in the overall pyroly- 
sate toxicity (by analysis of exposure chamber atmosphere for car- 
bon monoxide concentration and determination of percent carboxy- 
hemoglobin in rats dying in the chamber), the changes in conditions 
for pyrolysis/combustion (to an in-chamber thermodegradation) of 
test samples prevents d'lrect comparison of these toxicity data with 
much of the data contained in previous reports. 

The pyrolysis/combusti on process can apparently exert a 
significant influence upon the absolute toxicity, and probably 
upon relative toxicity, of the pyrolys i s/combus ti on products produced. 
Some of the previous toxicity data obtained from spacecraft mater- 
ials utilized a controlled slow heating rate for thermodegradation 
outside the exposure chamber, and continuous air-flow through the 
chamber during pyrolysis and post-pyrolysi s exposure (the MSTL 
procedure). The theoretical rationale usually stated in support 
of 1 n-chamber pyrolysis/combustion is based upon the concern that 
some toxicity is lost due to condensation/precipitation of some 
thermodegradation products from external pyrolysis/combustion 
prior to entering the exposure chamber. If this were true, then 
there would be a reduction in the observed toxicity from such 
externally produced pyrolysis/combustion products when compared 
to in-chaniber pyrolysis. 
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An earlier report (1) presented toxicity data from a limited 
number of samples that were evaluated both by in-chamber "vrolysis 
procedure and by the MSTL procedure (as mentioned above), Although 
it was apparent that condensates did occur prior to entrance of 
pyrolysates into the exposure chamber* lethality data did not 
support the concept that these "high boiling" condensates signif- 
icantly contributed to the lethality of the pyrolysis/combustion 
products. The data, in fact, indicated the pyrolysis/combustion 
products produced by the MSTL (outside of chamber) procedure 
were m ore toxic than those produced by the in-chamber method in 
every instance where there was comparible data. This phenomenon 
might be due to the formation of different gaseous products by 
the slower rate of thermodegradation (by the MSTL method) and/or 
a longer exposure period (used in the MSTL procedure). 

The in-chamber thermodegradation procedure used in the current 
study does not permit the slow rate of degradation, as used in 
the MSTL procedure, because of (a) the need to prevent excessive 
temperatures (i.e., no greater than 35°C) within the animal ex- 
posure chamber, and (b) the fixed volume of air (i.e., static 
environment during pyrolysis and subsequent exposure) contained 
in the animal exposure chamber may produce hypoxia in the exper- 
imental animals (independent of pyrolysate toxicity) as a result 
of longer sojourns of animals in chamber, coupled with depletion 
of oxygen by pyrolysis/combustion of the test samples. 

^W.H. Lawrence and John Autian, "Toxicity of the Pyrolysis Products 
of Spacecraft Materials", Annual Report to NASA Johnson Space 
Center, July 25, 1978, p. 45. 
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The proceeding discussion should be kept in mind in evaluating 
the subsequent data. These comments may al?;> help to understand 
why it was sometimes necessary to conduct the experiment or test 
in a particular manner. 

Pu rpose of Wor k. The primary objective of this work was to 
obtain information about the relative toxicity of thermodegradation 
( pyrolysis/combusti on) products of spacecraft materials supplied 
by the Technical Monitor. The primary procedure used was an in- 
chamber pyrolysis of the sample to determine its lethal potential, 
and then to examine the effects of the pyrolysates upon operant 
conditioned behavior of trained rats from sub-lethal exposures. 

At the request of the Technical Monitor, lethality of pyrolysates 
from these samples was u I s o determined by the MSTL procedure. 

The lethal activities of the pyrolysis/combustion products v?ere 
evaluated based upon the acute lethality of rats from inhalation 
of these pyrolysates. Post-exposure observation of the rats, 
coupled with histological evaluation of selected organs, serve 
to screen the materials for significant delayed toxic reactions 
resulting from inhalation of their pyrolysis/combustion products. 
Also, determination of carbon monoxide concentrations in the 
chamber atmosphere during exposure, and percent carboxyhemogl obi n 
in animals expiring in the chamber, provide some basis for assess- 
ing the importance of carbon monoxide as a toxicant in the pyroly- 
sis/combustion mixture. Oxygen concentrations in the chamber were 
also measured to ensure hypoxia was not the cause of death. 

Materials and Methodology 


Material s . The code designations and description of the test 


11 


samples, as supplies by the Technical Monitor, Included in this 
study are presented in table 1. Also included in this table is 
the approximate temperature necessary for thermodegradation of 
each sample and the percent of the sample which is expeeted to 
be pyrolyzed, This information is based upon TGA data. 

Method of Sample Pyrolysi s/Combus tion - In-Chamber Pyrol ysis 
Procedure . All samples were pyrolyzed/combusted directly into the 
rat exposure chamber [198 liter (0.2 M 3 )] using an electric furnace, 
and all products mixed thoroughly with the chamber atmosphere by 
an electric fan located inside the exposure chamber. An experimen- 
tal constraint which influenced pyrolysis/combustion of samples was 
that of chamber temperature, i.e., the chamber temperature was not 
to exceed 35°C (95°F). To accomplish this, the sample was pyrolyzed 
rapidly (-10 minutes) at 700-800°C and the furnace removed from the 
chamber to reduce added heating of the chamber atmosphere from 
the furnace as it was cooling (i.e., after thermodegradation). 

The furnace contains heating elements embedded in a high 
temperature ceramic type material which were located in the bottom 
and four sides of a rectangular chamber 3" x 3" x 5". These 
heating elements have a maximum temperature rating of 1,200°C, 
thus exceeding the 1 ,000°C capability which we desired. A re- 
movable stainless steel rectangular cup, with internal dimensions 
of 2.5" x 2.5" x 4.5", was constructed to fit closely inside 
the space formed by the heating elements. Since this furnace 
requires a considerable time to pyrolyze a sample starting at 
room temperature, pyrolysis was accomplished by pre-heating the 
furnace (outside of the chamber) to about 700-900°C, then 
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Spacing the stainless steel cup (containing the test sample)in 
the furnace opening, and Immediately placing the furnace and sam- 
ple in position to pyrolyze the sample directly into the rat 
exposure chamber, When pyrolysis was completed the furnace was 
removed from the exposure chamber to prevent additional heating 
of the chamber atmosphere by radiation from the furnace. The 
time required for thermodegradation, and the increase in chamber 
temperature, varied depending upon sample and quantity of sample, 

In most cases, however, this could be accomplished and still 
maintain the chamber temperature less than 35°C (95°F), An 
advantage to this system is that it permits relatively accurate 
determination of sample residue. 

MSTL Procedure . Four male rats in small individual cages 
were placed in the rectangular, glass-walled exposure chamber 
(volume n approximately 64 liters), The chamber was equipped with 
an external light for illumination, an internal fSI thermister 
probe for monitoring chamber temperature, and a magnetically-driven 
fan to prevent air stagnation and layering of pyrolysis products. 
The test sample was placed in a Vycor tube inside a programmed 
electric furnace, with a thermocouple adjacent to the sample which 
controls heating of the furnace. One liter per minute of air was 
introduced at the end of the Vycor tube, passed over the pyrolyzing 
sample and into the exposure chamber. Prior to the pyrolysate 
entering the inhalation chamber, 0,5 liter/minute of fresh air 
was added to the effluent. The furnace was heated at 10°C/minute 
until it reached the temperature of maximum decomposition (as 
determined by TGA data) plus 50°C. At this point, the furnace 
was turned off md air-flow continued for an additional 60 
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minutes; then the chamber was opened and the animals removed. 

A gas sampling port was located immediately upon exit of the fumes 

from the inhalation chamber prior to their being exhausted. 

COHb Determination . Car boxyhemogl obi n determinations were 
conducted spectrophotometri cally , using a modification of the 
method of Commins and Lawther (2). Earlier experiments with this 
and other methods indicated that excessive dilution of the blood 
prior to analysis yielded lower calculated percentages of COHb 
in the blood; presumably this is due to dissociation of COHb in 
the dilute solution (COHb # CO + Hh). Thus, the modifications 
employed were to permit spectrophotometri c analysis without undue 
dilution of the blood sample. The Commins and Lawther method was 
used with the following modifications: (a) 40 pi of blood (rather 
than 10 pi ) was used per 10 ml of reagent (rather than 25 ml), 
and (b) a cell path of 0.1 cm (rather than 1.0 cm) was employed. 
Thus, the solution for analysis was 10 times more concentrated, 
and the cell path for analysis was one-tenth that recommended by 
Commins and Lawther. Analyses were performed at a wavelength 
of 420 nm, with readings at 414 and 426 nm for purposes of correc- 
tion. Concurrent COHb and 0 2 H b controls were tested, in which the 
rat's blood was saturated with gas from tanks of CO and Og, 
respectively. 

Thermogravimetrl c Analyses (TGA) . The thermodegradation 

^S.T. Commins and P.J. Lawther, "A Sensitive Method for the Deter- 
mination of Carboxy hemoglobi n in a Finger Prick Sample of Blood". 
Brit. J. industr. Med ., 22:139-143 (1965). 
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characteristics of each sample were determined in air and nitrogen, 

This provided general information about the temperature required 
to initiate degradation, to complete degradati on, expected percent 
degradation, and some indication of the importance of oxidative 
processes for degradation, 

tlh ft Do te;\m,i nations. The lethality of each sample was deter- 
mined by pyrolyzing specific weights of sample and exposing a group 
of 4 male Sprague-Dawl ey rots to the pyrolysates for 30 minutes 
after completion of pyrolysis of each sample weight. LD 50 S 
were calculated for the samples based upon chamber deaths, deaths 
occurring within 48 hours, and those occurring within the 14-day 
post-exposure observation period. The chamber atmosphere was 
analyzed for selected gases by use of gas detector tubes or gas 
chromatography , or both, Carboxyhemogl obi n (COlib) levels were 
determined in rats which died in the chamber. Animals were 
autopsied when they died, or were sacrificed after 14-days, and 
tissues from most of these preserved in buffered formalin, and 
subjected to histopathologic evaluation. The actual l D r. o , ex- 
pressed as initial weight of sample, which when pyrolyzed by 
this method would kill 50i« of exposed rats, was calculated by 
Cornfield and Mantel's modification of Karber's method (3). 

B ehavi oral St i i d i e s , The subjects were adult male Sprague-Dawley 
rats (about 275-325 gm), which were identified by color and cage number 
and housed individually in stainless steel cages. They had free access 

Cornfield and N. Mantel, "Some New Aspects of the Application 
of Maximum Likelihood to the Calculation of the Dosage Response 
Curve", American Statistic al Association Journa l, 45 ; 181-210 
(1 950) . — ~ 
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to fresh tap water and laboratory rat chow. The behavioral appa- 
ratus (shock chamber) was approximately 7.5 x 9.5 x 7.75 inches, 
with a Gerband lever mounted in one end. The floor and two sides of the 
shock chamber consisted of 1/16" diameter stainless steel rods, mounted about 
0.5 inches apart, and connected to a shock source and shock scramb- 
ler. This shock chamber was placed inside the inhalation exposure 
chamber used in the I.D 50 studies, which has a volume of approxi- 
mately 200 liters (198 liters). 

The rats were trained on a Sidman avoidance schedule, with 
a shock-shock interval of 5 seconds, and a response-shock schedule 
interval of 20 seconds. The shock duration was 0.5 seconds, with 
an intensity of 1.3 milliamps. Thus, if the rat did not press the 
lever at all, he would receive 12 shocks/minute, but appropriate 
lever presses would permit complete avoidance of shocks. During 
training, each rat was placed in the apparatus for one hour per 
day. When the average number of shocks an animal received during 
the hour was 2.5/minute or less, and the response rate was stable 
for 2 consecutive days, he was considered for use as a test sub- 
ject. This usually occurred in about 2 weeks and animals that 
failed to reach this criterion were rejected from the study. 

After training, the first stage of testing consisted of two 
70 minute sessions held on two consecutive days (Days 1 and 2), 
during which cumulative shock avoidance rates were monitored 
every 10 minutes. If, during the first session, a subject's rate 
of avoidance decreased so that he received an increased number of shocks 
over any 20 minute period, he was returned to the training con- 
ditions until his performance was stabilized. He was then re- 
tested. The purpose of these sessions was to obtain a reasonably 
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stable baseline measure against which the performance on the day 
of pyrolysis testing could be assessed. 

On the day of pyrolysis testing, the rat was placed in the 
behavioral apparatus and a 30-minute control performance was obtained, 
If the rat's avoidance performance was adequate and reasonably 
stable during this time, this was used as a pre-burn control (or 
response for the pre-burn period) and the experiment was continued. 
However, if the rat's avoidance behavior was inadequate or 
very unstable, the sample was not burned, and the rat was returned 
to training or discarded. If this pre-burn control was satisfactory, 
the chamber door was secured and the designated sample was pyrolyzed/ 
combusted in the chamber. The animal's shock-avoidance perfor- 
mance during pyrolysis/combustion was recorded, and at 5 minute 
intervals for the ensuing 30 minutes while the inhalation chamber 
remains closed. 

The pre-burn control period was a minimum of 30 minutes, and 
frequently a little longer; the duration of pyrolysis/combustion 
was about 10 minutes (8-15 minutes) depending upon the sample. 

The maximum temperature in the chamber was kept from exceeding 35°C 
(95°F). In each instance, the rat's performance was monitored and 
recorded for at least 30 minutes after completion of pyrolysis/ 
combustion . 

As a basis for comparison of "equivalent" non-lethal expo- 
sures, one half U) of the LD S0 sample weight was chosen as 
the basis for comparison. Because of the lack of a chamber LD 50 
for two samples and the rough approximation obtained for the 14-day 
LDso, various quantities of samples were pyrolyzed for the beha- 
vioral evaluation; at least one of which approximated one-half of 
the ID s o * Each sample material was tested by exposing four 
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trained rats to its pyrolysate. Assignment of a particular rat 
to a specific sample and order of testing was semi-random, deter- 
mined by appropriate information about the sample, the trained 
rats available, and the needs for obtaining a block of tests 
for the sample. Each rat was exposed to a pyrolysate of only 
one sample (experimental run). 

Results and Discu ssi on, 

Ther mo gravimetric Analyses (TGA) . Computer plots of the 
thermal stabil ity/thermodegradation of these materials are shown 
in Figures 1-6. A summary analysis of each of these plots is pre 
sented in Table 2. Although none of these sample material were 
completely degraded at temperatures between 900°C and 1,000"C, 
thermal degradation of the samples appeared to cease at a temp- 
erature of 600°C or less. 

Lethality Stu dies. Tests were conducted by both the in- 
chamber pyrolysis procedure and the MSTL procedure to assess the 
relative lethality of pyrolysates from these test samples. The 
initial sample weights, which when pyrolyzed according to their 
respective procedures., required to kill 50% of the exposed ani- 
mals (i.e., LDso) and their respective 95% confidence intervals, 
are presented in Table 3 for both the In-Chamber Pyrolysis and 
MSTL Procedures. This table shows the LD S0 values for chamber 
deaths, deaths within 48 hours of exposure, and deaths within 
14 days of exposure. 

For the in-chamber pyrolysis it was not possible to obtain 
an LDso for chamber deaths for samples Y- 768 3 and Y ~ 76 84 using up 
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to 50 and 56.57 gin of sample, respectively. The size of the 
pyrolysis cup would not permit pyrolysis of significantly larger 
quantities of the samples. Only one rat died within 48 hours 
after removal from the inhalation chamber after exposure to py- 
rolysate from sample Y-7683, with most deaths coming several days 
after exposure. On the other hand, all of the deaths from Y-7684 
occurred within 48 hours after exposure. Sample Y - 768 5 produced 
a more ideal pattern of deaths, and all of these occurred in the 
chamber. Thus, it was possible to obtain a good L D 5 0 value for 
Y-7685, but the values obtained for the other two samples by this 
procedure must be considered as approximations. Table 4 summarizes 
the cumulative mortality pattern obtained from in-chamber pyrolysis 
of the three samples. The test data utilized to calculate the 
L D 5 o are indicated in this table; constraints imposed by the 
Karber's method of LD 50 calculation prohibit use of all of 
these data. 

Table 5 presents a summary of lethality data obtained by the 
MSTL pyrolysis procedure, and indicates those employed in calcu- 
lation of the L D s o for these three samples. It will be noted 
in this case, all deaths occurred in the chamber. And, as mentioned 
earlier for prior comparison of toxicity from in chamber va. 
outside of chamber pyrolysis, none of these samples were more 
toxic when pyrolyzed in the chamber, than when pyrolyzed outside 
the chamber with the pyrolysates flowing into the chamber. 

To facilitate comparisons of relative toxicity of the test 
materials and the two methods of pyrolysis-exposure, Table 6 
summarizes and extrapolates data contained in Tables 3, 4 and 5, 
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to remove differences of percentage pyrolyzed by presenting the 
l. D r> o s in terms of the quanity of cumplc pyrolyaod rather than 
initial sample weight, and then removes differences in chamber 
size by calculating it in terms of per liter and per oubio motor. 

The concentrations of selected gases in the exposure chamber 
during the LD 50 determinations from the in-chamber pyrolysis pro- 
cedure are summarized in Table 7, and for the MSTL procedure 
in Table 8, The results of histological examination of selected 
tissues of rats dying during exposure to pyrolysates during the 
14-day observation period, or which were sacrificed at the end 
of the 14-day observation are tabulated for the in-chamber pyroly- 
sis procedure in Table 9, and for the MSTL procedure in Table 10. 
Histopathologic findings from some untreated control rats are 
presented in Table 11. Brief summary descriptions of observed 
histological features which, in the opinion of the pathologist 
were likely related to pyrolysate exposure, along with a summary 
description of gross autopsy observations, are contained in Table 
12 for the in-chamber pyrolysis procedure and in Table 13 for 
the MSTL procedure. 

As indicated previously, it was not possible to calculate an 
in-chamber LDso for samples Y - 768 3 and Y - 76 84 when the material 
was pyrolyzed in the exposure chamber, although quantities of 
50 gm or more were pyrolyzed (see Table 4). All delayed mor- 
talities from exposure to pyrolysates of Y - 76 84 » however, occurred 
within 48 hours post-exposure. On the other hand, only one of 
the ten delayed deaths seen with Y-7683 occurred within 48 hours 
following exposure; most of the deaths occurred between the 7th 
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and Mth post-exposure days, with one on the 5th day and another 
on the 14th day. Although the estimated 14-day l.D S0 is the same 
for these two samples ( Y - 7683 and Y-76841, the mortality pattern 
is dramatically different. 

An interesting response occurred when behavioral tests were 
initiated with sample Y- 7684 , and to a lesser extent with Y-7683. 
Although determination of the LD 50 s for these samples yielded only 
a rough approximation, when behavioral tests were initiated with 
quantities of sample which were well below that required for 
chamber deaths in the LD S0 studies, a number of rats died in 
the chamber or immediately after removal. [Histopathologic 
examination of tissues from two behaviorally trained rats that 
died from exposure to pyrolysates of Y - 76 84 is presented in 
Table 14.] Initially, we thought this was due to some experi- 
mental error in obtaining data for the LD 50 . We began to repeat 
the LD S0 determination for Y - 7684 , but this gave no new informa- 
tion since the repeated data was comparable to the initial data. 

A few pilot tests were performed to examine this unusual 
response. Since the rats used in the behavioral studies were 
typically older and heavier than those used for LD 50 determina- 
tions it was decided to see if this might be responsible for the 
unexpected mortalities. Two experiments were conducted in which 
three untrained rats of the size used in LD 50 studies, were put 
in the shock chamber (with the shock-avoidance lever disconnected) 
and placed in the pyrolysis-exposure chamber. Table 15 shows 
the data obtained when 20 grams of Y - 7684 were pyrolyzed into 
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the chamber while the rats were receiving the same shock used 
in the avoidance procedure; all six of these rats died in the 
chamber. (It might be pointed out that pyrolysis of up tc 56.57 
gm of this sample had failed to produce any chamber deaths in the 
L D 5 o studies.) Table 14 shows the histopathol ogy for 5 of these 
6 rats exposed to the pyrolysis products while receiving 
shocks . 

As shown in Table 17, five additional experiments were performed 
in which 15 or 20 gm of Y - 7684 was pyrolyzed with 4 rats in the 
exposure chamber, 2 of which were in the shock box and 2 were 
not. In the first trial where 15 gm of Y - 7604 was pyrolyzed, 
the two rats receiving the shock died in the chamber, while the 
two not receiving the shock survived the chamber exposure and 
the 14-day post-exposure observation period. In the second trial 
with the same material and quantity, one of the two rats receiving 
shock died in the chamber and the other diad within 48 hours, 
but neither of the two rats not receiving shock died. Thus, 
these data suggest a synergistic (potentiating) effect upon le- 
thality between the sub-lethal shock and sub-lethal pyrolysate 
exposure. 

Although this phenomenon was first brought to our attention 
by death of some of the rats in the behavior studies which were 
exposed to 20 gm of Y -7684 , similar paired (2 rats receiving 
shock during exposure and 2 rats not receiving shock) tests with 
pyrolysis of 20 gm samples did not provide such clear-cut evi- 
dence (see Table 17). In the first trial none of the animals 
died within 48 hours; the other three rats surviving the entire 
14-day post-exposure period. The second trial resulted in all 
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4 rats dying in the chamber. The third trial did not produce 
any chamber deaths, but one rat receiving the shock and one with- 
out the shock died within 48 hours; the other two survived the 
14-day observation period. Histopathologic evaluation of tissues 
from most of these rats is presented in Table 14, 

With the exception of data discussed in the proceeding para- 
graph, the accumulated results (including death of some rats 
during behavior testing which are not tabulated in this report 
because death occurred so early no behavioral data, from exposure 
to sub-1 etHal pyrolysates of the material were included) strongly suggest 
an increase'in toxicity (lethality) of the pyrolysates from 
Y - 7684 when this is combined with a sub-lethal electric shock 
(or the stress resulting therefrom). If this increased toxicity 
is real, and most data support the assumption, one can only 
speculate at this time what the mechanism of action may be, 

Some of the possibilities include: (1) a component of the pyroly- 
sate may sensitize the heart to endogenous hormones (e.g», adrena- 
line) released during the trauma/stress of the shock; (2) criti- 
cal areas of the brain may be sensitized by a component of the 
pyrolysate which make them more sensitive to CO, HCW, or other 
toxicant present at (otherwise) non-lethal levels; or (3) an 
interaction between some pyrolysis product and other shock-induced 
internal hormonal or metabolic disturbances not noted in the 
absence of the shock. Initially, the possibility of prolonged 
stress, from shock-avoidance training, was considered as a 
likely alternative explanation, but the chamber deaths which 
occurred with untrained rats would tend to decrease the probability 
of this being the explanation. 
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B eha vioral, Studios , In the ensuing discussion the samples 
are identified by code numbers*, these are presented in Table 1. 
Because of the°laek of good L D B o values for two of these samples 
by in-chamber pyrolysis, as indicated previously, three or four 
initial sample weights of the samples were utilized In the 
behavioral studies, one of these was (or approximated) ' one-half 
of the sample's LD S0 . 

Definition of terms . In the discussion, Day 1 refers to 
the first of two pre-test days of behavioral activity, and Day 
2 refers to the second of the two pre-test days of behavioral 
activity. Day 3 is the day on which the pyrolysi s-behavioral 
test is performed. Day 3 may be subdivided into 7 time intervals 
of 10 minutes each; Interval 1, 2 and 3 represent the 30 minute 
control performance of the rat prior to pyrolyzing the test sam- 
ple in the chamber. Interval 4 is the period during which 
the sample is pyrolyzed. Intervals 5, 6 and 7 are the three 
10-minute post-burn (post-pyrolysis ) periods during which the 
animal's behavior is scrutinized to see if there are changes in 
the animal's performance (response). Comparisons of time inter- 
vals to Days 1 and 2 represent a similar division of time, but 
no sample is pyrolyzed nor is furnace heat introduced during 
these two pre-test days. 

Nine groups of 4 rats each were employed in the behavioral 
evaluations. The group of trained rats exposed to pyrolysates 
of the materials, the material used, and the initial sample 
weight of the material are listed below for each group. The 
sample weight representing, or approximately one half of the 
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U D o for that test sample as indicated by 

Group 1 o 10 got of Y-7683 Group 6 n 5 gw of Y- 7 684 

* Group 2 n is gm of Y-7S83 Group 7 ° 10 gm of Y-7G84 

Group 3 a 20 gm of Y-7683 * Group 8 c 15 gm of Y - 7 684 

* Group 4 n 10 gm of Y-7685 Group 9 n 20 gm of Y -7 684 

Group 8 c 16 gm of Y-7685 

R es ul ts . The performance of each rat on the shock-avoidance 
schedule for at least 30 minutes proceeding pyrolysis of test 
sample and for 30 minutes following sample pyrolysis (referred to 
as Day 3) is shown graphically in Figures 7-42. . While the pre- 

test controls (Days 1 and 2) are not presented here, the data were 
entered in the computer for statistical analysis and comparisons, and 
mean pre-test responses for the group are contained in summary graphs 
bv groups (Figures 4^-51 ) t 

Analyses and Di scussion . The dati were analyzed by Analysis 
of Variance for Unweighted Means with factors of Groups (9 levels), 
Days (3 levels), and Times (7 levels). Groups, Days and Times 
(time intervals) were defined above. 

Significant differences were found* for all Main and Interac- 
tion effects as shown below? 

Analysis of Variance Summary Table 


Source Sum of Squares 

DF 

Mean Square 

F-Ratio 

Prob 

Group(A) 

138.413 

8 

17.3017 

3.478 

0.007142 

Between Error 

134.307 

27 

4.97433 



Run (B) 

1217.55 

2 

608.776 

272.093 

0.000000 

AB 

309.738 

16 

19.3586 

8.652 

0.000001 

Within Error 1 

120.819 

54 

2.23738 



Time (C) 

589.552 

6 

98.2587 

101 .748 

0.000000 

AC 

163. 106 

48 

3.39804 

3.519 

0.000001 

Within Error 2 

156.445 

162 

0.965710 



BC 

1525.06 

12 

127.088 

115.714 

0.00000 

ABC 

301.006 

96 

3.13548 

2.855 

0.00000 

Within Error 3 

354.751 

323 

1 .09830 
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Results of Newman-Keul 1 s post hoc test for significance showed 
no difference between Day 1 and 2 (baseline testing). These 
baseline measures, averaged across groups are shown in Table 18. 
Comparisons among animals exposed to pyrolysates of the three 
samples tested are summarized in Table 19, which presents means 
and standard deviations for eaeh group on Day 3 (exposure), 
broken down into pre-burn, burn (pyrolysis), and post-burn blocks. 

For purpose of evaluating the behavioral effects of each sam- 
ple weight, data for each group during each time interval was 
factored for a comparison over days. Table 20 summarizes the 
results of post hoc tests for significance of these data. 

Data analysis for each of the 9 groups indicated there were 
no significant differences between any 10 minute time interval 
on Days 1 and 2 (i.e., pre-test baseline controls), as shown 
in Table 18. Performance of the rats during the 30 minute 
pre-burn period (intervals 1, 2 and 3) of the test day (Day 3) 
did not differ from similar periods of either Days 1 or 2 
(baseline controls) as shown in Table 19. Thus it was indicated 
that the baseline response was suitably stable to proceed with 
comparisons of materials' pyrolysates upo« behavior of the rats, 

Summary figures by rat groups (i.e,, sample and sample weight) 
were prepared in which the mean of all rats in this group for the 
two day baseline responses (Days 1 and 2) are plotted vs. time 
and on the same figure is the mean response of these animals 
preceeding, during and after pyrolysis of the sample (Day 3). 

These are figures 43-51. 
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Samp l,o Y - 7603 The LD 60 for this sample was estimated at between 
30*40 grams (see Table 4). Since two of the rats exposed to 20 
grams for behavioral testing died shortly after testing was com- 
pleted, tests were repeated with exposures to 15 and 10 grams 
of the sample. 

Group 1 (Sample Y°/683, 10 grams) 

Decreased performance was noted for all animals during and 
after the burn period with only one animal returning to preburn 
performance level within t.ie last 10 minutes. However, the only 
statistically significant difference was at the 0.05 level between 
days two and three during the 6th (10-20 minute postburn) interval. 
The shock-avoidance behavior for this group, presented as mean 
values, of Days 1 and 2 (baseline control s triangles) and of 
pre-burn, burn and post-burn periods (Day 3, experimental « 
circles) is graphically represented in Figure 43, while the 
individual rats' performances before, during and after pyrolysis 
are shown in Figures 7-10. 

Observations: Thick yellow smoke prevented observation 

during the burn period. Ir, the 10 minute postburn period animals 
remained near the lever and were observed standing on their hind 
legs with no unusual behavior noted. During the 10-20 minute ob- 
servation period more activity was noted, with mild loss of 
coordination in half the animals. Postural slumping was noted 
in three. During the 20-30 minute observation, coordination wor- 
sened for the two noted previously although lever response returned 
to baseline levels for one of these. During this period all 
animals spent more time on all four feet than is usual in this 
situation, with crouching noted for three. Although lever 
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pressing decreased, all animals continued to flinch and orient 
toward the lever when shocked. 

Group 2 ( Sample Y- 7683, 1 5 grams ) [app ro ximately * of 14-day LDsoH 

There was a worsening of performance during the post-burn 
period. However during the last interval, half of the animals' 
performance improved markedly. Statistically significant differ- 
ences at the 0.01 level were noted between days one and three 
and between days two and three during the 5th (0-10 minute post- 
burn) interval and at the 0.05 level between days one and three 
and days two and three during the 6th (10-20 minute postburn) 
interval . 

Observations: Dense smoke with s<m flame was noted during 

the burn period. The initial respoiv overall was increased 
activity with attempts to escape. Some weakness with convulsive 
breathing was noted. Two of the animals remained ambulatory. 

One appeared to be vary weak by the end of the burn period, prop- 
ping himself against the chamber wall to press the lever. These 
animals responded with movement to all shocks and no loss of 
coordination was noted. The fourth animal appeared to be stu- 
porous by the 5th interval, responding to shock only occasionally, 
and ended the session lying on the floor of the chamber motionless. 

He recovered spontaneously when the chamber was flushed with air. 

Responses of individual rats in this group are presented in 
Figures 11-14. The mean responses for this group are presented 
in Figure 44. 

Group 3 (Sample Y-7683, 20 grams ) 

Performance deteriorated radically during the postburn period 
with no lever press response for any animal during the last 10 minutes. 
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Tor the 5th, 6th and 7th intervals, there were significant 
differences at the 0.01 level between days one and three and days 
two and three. 

Observations: Dense smoko (white in 3 observations, black 

in one) was noted with some flame. After clearing, animal B-l 
was observed to lie still with no response for 15 minutes, while 
the other three engaged in frantic escape attempts. After 15 
minutes this animal (B-l) rose, moved around the chamber, and 
flinched when shocked although he made no attempt to press the 
lever. He became normally active when the chamber was flushed. 

B-14 became lass active after 10 minutes and by 20 minutes remained 
prone, with labored breathing and no responsiveness to shock. He 
recovered fully during chamber flushing, B-l 5 and B-3 made 
active escape attempts during the first 10 minutes, then became 
discoordinated and failed to orient toward the lever when shocked, 
B-15 then lost all responsiveness to shock by 20 minutes and 
remained lying down with labored breathing while B-3 continued 
to attempt to rise when shocked but was unable to support his 
own weight. Both B-3 and B-15 died during flushing of the chamber. 

Data from individual rats in this group are shown in Figures 
15-13, and group means are shown in Figure 45. 

General summary for Sample K-7683; 

For lowest concentrations, loss of coordination with some 
weakness affected performance, but animals remained responsive 
to shock and recovery of learned avoidance behavior occurred. 

At middle concentrations weakness and difficult breathing occurred. 
Three animals recovered the learned response while one became 
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stuporous until the chamber was Mushed, At the highest concen- 
tration learned response was lost by all subjects. One was initial 
ly rendered stuporous but recovered some activity after 15 minutes, 
while the other 3 went from frantic activity to helplessness. Two 
of these died as the chamber was flushed. 

Group 4 (Sample Y-7685, 10 grams) o f chamber and 14 -da y LD r , n1 
Differences significant at the 0,05 level were found between 
days one and three and two and three during the 4th (burn) interval 
and for the 5th, 6th and 7th intervals, these differences were sig- 
nificant at the 0.01 level. 

Observations: Thick white smoke was produced in this 

burning. All animals were ambulatory and oriented toward the lever 
during the first 10 minute postburn interval. During the 10=20 
minute interval (interval #6) some di scoordination was noted for 
three of the animals with some reduced responsiveness to shock. 
Three of the animals spent much of the time lying down while the 
fourth lunged at the lever when shocked, This animal regained some 
coordination while the others became less active as the session pro 
gressed. Overall there was never complete loss of responsiveness. 

Data from individual rats in this group are shown in Figures 
19-22, while group means are shown in Figure 46. 

Group 5 (Sample Y-7685, 15 grams ) 

A difference, significant at the 0.05 level, was found for 
interval 4 (burn) between days two and three. For the 5th, 6th 
and 7th interval differences were found between days one and three 
and days two and three which were significant at the 0.01 level. 
Observations: Dense white smoke occurred during the burn, 
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making observation impossible. At 0-10 minutes postburn all ani- 
mals spent time walking and rearing toward the lever. General 
disorientation was apparent. Decreasing coordination and loss of 
orientation toward the lever was progressive for all. By 15 
minutes postburn animals began to spend most of the time lying 
motionless on their sides and for the last 10 minutes all remained 
in this position. Recovery occurred rapidly when the chamber was 
flushed with fresh air. 

Behavioral responses of individual rats in this group are 
shown in Figures 23-26, while group means are presented in Figure 47. 
General summary for Y-7685 : 

The pattern of loss of learned response and general impairment 
was similar at both levels. However at the lower level one animal 
never became inactive, and some responsiveness to shock remained 
for all. At the higher level, incapacitation was more rapid and 
by 20 minutes after pyrolysis of samples all animals appeared insen- 
sitive to shock. 

Sample Y - 7684 : Selection of appropriate level of exposure for 

comparative behavioral effects was very difficult because of 
(1) the absence of a good L D 5 o value and (2) deaths of rats occurring 
during the early behavioral tests. It can be noted in the lethality 
studies of this material that there were no chamber deaths in any 
group from pyrolysis from 10 to 56.57 grams. Within 48 hours there 
were several deaths, but these form a pattern of a very flat 
dose-mortality curve since pyrolysis of 20,30 and 40 grams killed 
50% of exposed animals (although other runs with 20 and 40 grams 
failed to kill any of the animals), and 50 grams killed 100% of 
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of the animals, but 56.57 grams killed only 50ft. The second 
factor was the unusual finding that a number of rats died during 
the behavioral test with this sample (20, 15 and 10 gm). There- 
fore, 4 sample weights (5, 10, 15 and 20 gm) were examined for 
behavioral effects using this sample. 

G r o uj 6 (S a m p 1 e^ Y - 768 4 , 5 grams ) 

No significant differences were found between any intervals 
on any of the days for Group 6. There was a tendency for mean 
performance to decrease following the burn period since one 
animal's performance (B-28 ) dec! ined rapidly during the last 20 
minutes, decreasing from 84ft shock-a voi da'nce during the 5 minute 
postburn Interval to 18ft by the last 5 minutes. Another animal 
(B-29) fell from 75ft avoidance to 35ft during the last 10 minutes. 

Behavioral responses of individual rats in this group are 
shown in Figures 27-30, while group means are presented in 
Figure 48. 

Observations: Gome flaming followed by dense white smoke 

was observed during the burn with visibility in the chamber poor. 
Throughout the postburn period no unusual behaviors were noted 
for the two animals (B-27 and B-30) whose avoidance behavior 
continued at baseline level. B-29 showed little reaction to shock 
although 1 ever' pressing remained steady at about 12ft below 
preburn levels until the last 5 minutes. During this period 
the animal was observed to spend much of the time walking about 
the chamber. B-28 appeared unaffected until 10 minutes post- 
burn, when he began to attend more to the chamber walls than 
the lever. By 20 minutes he showed some loss of coordination, 
spending more time on all fours away from the lever. However 
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flinching and orientation toward the lever during shock did not 
decrease . 


Group 7 (Sample Y ~ 7684 , 10 grains ) 

Differences significant at the 0,05 level were found for 
interval 4 (burn period) between days one and three and days 
two and three. For the 5th, 6th and 7th (postburn) intervals, 
differences were found between days one and three and days two 
and three which were significant at the 0.01 level. 

Behavioral responses of individual rats in this group are 
shown in Figures 31-34, and group means are presented in Figure 49. 

Observation: Thick write-grey smoke and some flame was 
noted. All animals except B-36 were ambulatory during the first 
postburn interval. These three began to lose coordination after 
10 minutes, and decrease general activity. While B-24 leaned 
against the wall and continued to press the lever occasionally 
with little other response, B - 2 5 and B-34 slowly lost all respon- 
siveness and lay motionless on the floor for the last 10 minutes. 
B-36 followed the same pattern but was motionless by 15 minutes 
postburn. B - 25 died before being removed from the chamber. 

Gro up- .8 (Sample 1-76 84 grams),, [approxjma tely j of 14-day LD so ] 

A difference significant at the 0.05 level was found between 
days one and three and days two and three during the 1st interval. 
This was in the direction of increased efficiency on the 3rd 
day. The baseline average of 80 % shock avoidance followed the 
pattern of all other groups. Significant differences at the 0.05 
level were found between days one and three and days two and three 
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for intervals 5, 6 and 7. These were in the direction of 
decreased avoidance on the third day (i.e., after pyrolysis of 
sample ) . 

Observations: Two animals ( B ~ 2 1 and B - 26 ) who appeared to 

be unconscious by the last 5 minutes of the postburn period were 
found to be dead when removed from the chamber. These animals 
were both responsive during the first 10 minutes postburn but 
soon lost all responsiveness and lay in the chamber having diff- 
culty breathing. Both animals that lived lost some coordination 
after the first 10 minutes. One gradually lost the avoidance 
response and was lying on the chamber floor by 25 minutes although 
he continued to flinch to shock. The other lost coordination 
and remained in a slumping posture. However, he continued to 
lunge at the lever and although his manner of response was 
not normal he maintained effective avoidance. 

Behavioral responses of individual rats in this group 
are shown in Figures 35-38, while group means are presented 
in Figure 50. 

Group 9 (Sample Y - 76 84 , 20 grams) 

For interval 4, the burn interval, and interval 5, there 
was a statistically significant difference between days two and 
three and days one and three at the 0.05 level. For intervals 
6 and 7 the same differences occurred at the 0.05 level. 

Observations: Three of these animals died, two in the cham- 

ber during the last interval and one upon removal. Serious 
impairment became obvious after 10 minutes with loss of 
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coordination, slumping and finally loss of all responsiveness. 

The animal that survived demonstrated almost the same pattern, with 
short bursts of recovery and lunging at the'lever. 

Behavioral responses to individual rats in this group are 
shown in Figures 39-42, while group means are presented in Figure 
51 . 

Gen eral s u mmary f or Sample Y-768 4 

Increasing impairment in a dose-related fashion was seen, 
with 5 grams appearing to be somewhat effective (but not statisti- 
cally significant), 10 grams highly significant, and 15 and 20 
grams producing lethalities with behavioral impairment in the 
survi vors . 

Physical parameters . 

The physical parameters involved in each of the behavioral 
tests are tabulated 'in Table 21. These are presented by rat 
groups and include identification of the animal and its weight, 
range of chamber temperatures during pyrolysis and exposure, 
the temperature to which the furnace was pre-heated prior to in- 
troducing the sample, the minimum furnace temperature after in- 
troducing the sample, the final furnace temperature at the end 
of pyrolysis (on removal), and the weight of residue. 
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RELATIVE TOXICITY OF SAMPLES 

The relative toxicity of these samples was quite similar 
by the in-ehambcr py'oUjaie method at the end of the 14-day 
post-exposure observation period, with overlapping 952$ confidence 
intervals. On the other hand, Vonar 3 on N W Polyester (Y-7685) 
produced all deaths in the exposure chamber, while Vonar 3 on 
Fiberglass (Y-7684) produced its lethalities after removal from 
the chamber but within 48 hours, and LS 200 (Y-7683) exposure 
resulted in most deaths between 48 hours and 14-days. (The actual 
LDsos for Y-7683 and Y-7684 must be considered as approximations.) 

The- relative toxicities of these samples were not greatly 
different from each other by the MSTL procedure, but the 95% 
confidence intervals were not overlapping. While differences were 
not great between samples, they can be ranked in order of decreasing 
toxicity as: Y-7684 (Vonar 3 on Fiberglass), Y-7685 (Vonar 3 on 
N W Polyester), and Y-7683 (LS 200). The relative ranking is the 
same whether one considers initial sample weight for the LDso 
or whether one considers the actual quantity of sample pyrolyzed. 

Ranking these samples according to decreasi ng detrimental 
effect upon conditioned-avoidance performance when exposed to 
one-half of the LD 50 would be as follows: Y-7684 (Vonar 3 on Fiber- 
glass), Y-7685 (Vonar 3 on N W Polyester), and Y-7683 (LS 200). 
Because of the problems in determining the LD 50 values for two 
of these samples, and the large 95% confidence intervals, it is 
possible the relative toxicities may change with a more precise 
lethality exposure-response curve. Ranking of Y-7684 as most detri- 
mental to the rats' behavioral performance was based partially upon 
death of some rats during or immediately after the test. 


IDENTIFICATION OF TEST SAMPLES 
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Chamber volume is approximately 200 liters (198 L). 

These values should be considered as approximations since data on delayed deaths 
was not sufficient to obtain good estimates of the delayed LD 50 . 

Chamber volume is approximately 64 liters. 
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Table 4 
SUMMARY 

Cumulative Mortality 
In-Chamber Pyrolysis 


Cumulative Mortalities 


Samp! e 

Sample Wt. 

_(jml iPyrolj/zed. 

Ch am be r ' 

4B hr 

14 “d a v 

Y-7683 

5* 


6 OK 

0/4 

0/4 

0/4 


10* 


54% 

0/4 

0/4 

0/4 


15 


54% 

2/4 

2/4 

2/4 


20* 


5 OK 

0/4 

0/4 

0/4 


25 


54% 

0/4 

0/4 

1/4 


30 


4955 

0/4 

0/4 

1/4 


40* 


4755 

0/4 

0/4 

4/4 


50 


475$ 

0/4 

1/4 

4/4 



X 

= 525$ 






X* 

“53% 




Y- 7 684 

10* 


52% 

0/4 

0/4 

0/4 


10 


53% 

0/4 

0/4 

0/4 


20* 


54% 

0/4 

2/4 

2/4 


20 


50% 

0/4 

0/4 

0/4 


30 


AAV. 

*T*T ft* 

0/4 

2/4 

2/4 


40* 


46% 

0/4 

2/4 

2/4 


40 


47% 

0/4 

0/4 

0/4 


50 


43% 

0/4 

4/4 

4/4 


56,57 


45% 

0/4 

2/4 

2/4 



X 

“48% 






X*«51% 




Y-7685 

10* 


67% 

0/4 

0/4 

0/4 


14.14* 


63% 

1/4 

1/4 

1/4 


20* 


69% 

2/4 

2/4 

2/4 


28.28* 


58% 

3/4 

3/4 

3/4 


40* 


62% 

4/4 

4/4 

4/4 



X&X* 

“64% 





* 


Indicates data used 


in L D 5 o 


Cal cu 1 ati ons , 
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Table 5 
Summary 

MSTL Pyrolysis 
Procedure 


Cumulative Mortalities 


Sample 

Samp! e Wt . 

(gm.) %Pyrolyzed 

Chamber 

48 hr 

14 day 

Y- 7683 

3.12* 

55% 

0/4 

0/4 

0/4 


3. 31* 

56 % 

0/4 

0/4 

0/4 


3. 51* 

54% 

3/4 

3/4 

3/4 


3.72* 

56% 

4/4 

4/4 

4/4 


3.94* 

54% 

4/4 

4/4 

4/4 


4.96 

58% 

4/4 

4/4 

4/4 


6.25 

55% 

3/4 

3/4 

3/4 


12.50 

58% 

4/4 

4/4 

4/4 


50.00 

52% 

X =55% 
X* = 55% 

4/4 

4/4 

4/4 

Y- 7684 

2.45* 

53% 

0/4 

0/4 

0/4 


2.60* 

57% 

1/4 

1/4 

1/4 


2.76* 

58% 

3/4 

3/4 

3/4 


2.93* 

60% 

4/4 

4/4 

4/4 


2.93 

53% 

1/4 

1/4 

1/4 


3.11* 

51% 

4/4 

4/4 

4/4 


3.30 

56% 

4/4 

4/4 

4/4 


3.50 

53% 
X =55% 
X* =56% 

4/4 

4/4 

4/4 

Y- 7685 

2.00 

75% 

0/4 

0/4 

0/4 


2.52* 

68% 

0/4 

0/4 

0/4 


2.68* 

68% 

1/4 

1/4 

1/4 


2.84* 

69% 

1/4 

1/4 

1/4 


3.01* 

66% 

2/4 

2/4 

2/4 


3.19* 

70% 

1/4 

1/4 

1/4 


3.38* 

69% 

3/4 

3/4 

3/4 


3.58* 

68% 

4/4 

4/4 

4/4 


4.03 

66% 
X =69% 
X* =68% 

4/4 

4/4 

4/4 


* 

Indicates Data used in LD 50 Calculations. 
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SUMMARY: In-Chamber Pyrolys i s/Combus ti on Studies 
Sample Y-7684 (Vonar 3 on Fiberglass) 
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Table 7 (Continued) 

SUMMARY: In-Chamber Pyrolysis/Combustion Studies 
Sample Y-7684 (Vonar 3 on Fiberglass) 
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Table 7 (Continued) 

SUMMARY: In-Chamber Pyrolysis/Combustion Studies 
Sample Y -7685 (Vonar 3 on ft W Polyester) 
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Table 8 (Continued) 

SUMMARY: MSTL Pyrolys i s/Coimbustion Studies 

Sample Y-7683 ( LS 200 Foam) 
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LIST OF ABBREVIATIONS USED IN H I STOPATHOLOGY SUMMARIES 

CISw Cloudy Swelling 

Cohip Compensatory 

Cnlb Control obul ar 

Cong Congestion 

Cort Cortical 

DiSn . . Dilated Sinusoids 

Ditn Dilatation 

Ed Edema 

Ersn Erosion 

FtCh Fatty Change 

Hem Hemorrhage 

HypF Hyperplastic Follicles 

HyCh Hydropic Change 

Iflt Infiltrate 

Infl ......... Inflammation 

Lum Lumenar 

Med Medullary 

Muc Mucosal 

Myoc Myocardial 

NS Not submitted 

Pfol Perifollicular 

Ptrc Pertrachei ti s 

Sup Suppuration 

Thyr Thyruidi zati on 

Trch Tracheitis 

Ulcr Ulceration 

WNL Within normal limits 
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ACUTE, <>CKRO NI C, D=D>FFU5E, F= FOCAL, 1 = WU>, 2 . = /MODERATE, ^SEVERE, ^ = 
Note: ReFEK TO LIST OF ABREVfATIQV.5 USED /N HlSTOPATHOLObY SUMMARIES. 
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Key: A-acute, Ochronic, Diffuse:, F - focal, R=remote, /-milij, 2.-moderate, 3-severe, 4=MAS51ve 
Note: refer to list of abrevjations used m histo pathology summaries 
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of atelectasis, congestion, and edema with exposure 
to py roly sates formed from increasing sample weights 



General Summary of Gross Autopsies and Apparently Exposure-Related 
Histopathologic Features - In-Chamber Pyrolysis 
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d GC samples were taken immediately, at 15 and at 30 minutes after combustion/pyrolysis 
and data indicate percent by weight at these times, 
e Measurements made with detector tubes manufactured by Gastec Corp., Tokyo, Japan. 

These trial runs were conducted because of death of some trained rats to pyrolysates of this sam- 
ple when similar exposures during the LDso studies were not lethal to the exposed rats. 
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Table 18 


Means and Standard Deviations Averaged Across Groups 
for Two Daily Performances Prior to Behavior Test Expressed 
in Intervals of Ten Minutes 


Intervals Shocks Received Per Minute* 




Day 1 

Day 2 

//I 

X 

2.380 

2.344 



0.485 

0.538 

it 2 

X 

2.178 

2.061 


0 

0.686 

0.717 

tt3 

X 

'1 , 036 

1.927 


a 

0.698 

0.670 

H 

X 

1.925 

1.983 


a 

0.727 

0.612 

it 5 

X 

1.908 

1.794 


cr 

0.727 

0.689 

its 

X 

1.911 

1.850 


0 

0.733 

0.675 

it 7 

X 

1.918 

1.761 


CT 

0.673 

0.773 


* If rat did not press lever, it would receive 12 shocks 
per minute. 
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Table 19 


Summary of Mean Shocks Per Minute Received During 
Preburn, Burn, and Postburn Intervals for Each Sample At 

Each Exposure Level 



Group 1 (10 g.) Group 2 (15 g.) Group 3 (20 g.) 


Preburn 

X n 

1 . 933 

1.783 

1.883 


n ~ 

.310 

.682 

.561 

Burn 

X = 

2.100 

2.712 

1.900 


0 ~ 

.626 

.712 

2.672 

Pos tburn 

M* 

X « 

3.877 

6. 523 

8.821 


0 3 

1.692 

2.977 

.836 


Sample Y~ 7685 

Group 4 (10 g.) Group 5 (15 g.) 


Preburn 

X » 

1.698 

2.967 



0 ~ 

.905 

.478 


Burn 

X * 

4.475 

3.112 



0 = 

1.191 

.697 


Postburn 

#-* 

X * 

9.207 

10.733 



0 “ 

1.769 

.874 




Sample 

Y-7684 



Group 

6 (5 g.) 

Group 7 (10 g, ) 

Group 8 

Preburn 

X = 

2.092 

2.392 

1 . 575 


0 = 

.624 

.421 

.510 

Burn 

X = 

1.725 

3.27 5 

3.450 


0 = 

,432 

.311 

1.765 

Pos tburn 

X « 

3.458 

8.765 

7.760 


0 - 

1 . 310 

1.511 

3.763 


Group 

9 (20 g.) 



Preburn 

X = 

2.217 




a = 

.428 



Burn 

X = 

3.942 




0 = 

1.397 



Pos tburn 

X = 

9.405 




0 = 

1.128 
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Group 


Group 


Group 


Table 20 


Newman Keul's Significance Matrix for Groups with 
Time Variables as the Variable, Factoring 
for Days 

(Matrices showing no significant difference have been omitted) 
Note; * Indicates 0,05 ** Indicates 0,01 


Interval 


Days 



Interval 

* 


Days 

6 


2 

3 

Group 

3 

(cont, ) 

7 


2 

3 


1 

0.03 

3,96 





1 

0.91 

48.30 



MS 

NS 






NS 

kk 


2 

.. 

3,93 





2 


47.40 




* 







kk 

5 


1 

3 

Group 

4 


4 


2 

3 


2 

0.03 

6.69 





1 

0.32 

K 91 

U 1 



NS 

** 






NS 

k 


1 


6,66 





2 

0.03 

4.89 




kk 






- 

* 

6 


2 

3 




5 


2 

3 


1 

0.55 

5,28 





2 

0,03 

6.03 



NS 

* 






NS 

k 


2 


4.73 





1 

M 

6.00 




* 







kk 

5 


2 

3 




6 


1 

3 


1 

0.58 

14.11 





2 

0,58 

15.98 



NS 

** 






NS 

kk 


2 


13,53 





1 

.. 

15.40 




** 







kk 

6 


2 

3 




7 


2 

3 


1 

0.30 

18.44 





1 

1.10 

17.04 



NS 

kk 






NS 

kk 


2 

— 

16.14 





2 

» 

15.93 




kk 







kk 





Group 

5 


4 


1 

3 



- 






2 

0.34 

4.13 










NS 

NS 









1 

- 

3.80 


* 


■ km 
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Table 20 (contined) 


Newman Keul's Significance Matrix for Groups with 
Time Variables as the Variable, Factoring 

for Days 

(Matrices showing no significant difference have been omitted) 
Note: * indicates 0,05 ** Indicates 0 . 0 1 




Interval 


Days 



Interval 

Days 


Group 

5 

(cont) 5 


1 

3 

Group 

7 (cont.) 6 


2 

3 




2 

0.40 

11.66 



1 

0.00 

9.29 





NS 

kk 




NS 

kk 




1 

m. 

11.27 



2 


9.29 






irk 





kk 



6 


1 

O 

w 


7 

i 


9 

b 

3 




2 

0.44 

43.36 



1 

0.06 

20.24 





NS 

irk 




NS 

kk 




1 


42.92 



2 


20.18 






irk 





kk 



7 


2 

3 

Group 

8 1 


2 

1 




1 

0.00 

39.67 



3 

1.13 

4.84 





NS 

irk 




NS 

k 




2 

M 

39.67 



2 


3.71 






irk 





k 

Group 

6 

No Significant 

Differences 


5 


1 

3 

Group 

7 

4 


2 

3 



2 

0.40 

4.24 










NS 

NS 




1 

0.00 

4.78 










NS 

k 



1 

- 

3.84 











k 




2 

- 

4.78 











•k 


6 


1 

3 



5 


1 

3 



2 

0.03 

4.26 










NS 

NS 




2 

0.20 

8.45 










NS 

kk 



1 

- 

4.23 


* 


1 0.00 8.26 
NS ** 
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Table 20(continued) 


Newman Keul's Significance Matrix for Groups with 
Time Variables as the Variable, Factoring 

for Days 

(matrices showing no significant difference have been omitted) 
Note: * indicates 0.05 ** indicates 0.01 


Interval 

Group 8 (cont . ) 7 

2 

1 

Group 9 4 

2 

1 

5 

2 

1 

6 

2 

1 

7 

2 


Days 

1 3 

0.31 4.53 

NS * 

4.22 


1 3 

0.29 4.52 

NS * 

4.23 


1 3 

0.07 5.29 

NS * 

5.21 

* 


1 3 

0, 3.5 29.69 

NS ** 

29.34 

** 

1 3 

0.07 26.91 

NS ** 

26.84 

** 


1 



Tabulation of Physical Parameters ini Behavioral Studies 
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Explanation of 

Pyr o lysis-Behavior Responses: Group Summaries 

Figures 43 through 51 summarize shock-avoidance behavioral 
activity of each group of rats exposed to pyrolysates of sample 
materials. The data are plotted as mean responses for the group 
of rats at each of the 7 time intervals. In these figures, 
the triangles show the baseline controls (i, e. ^ the average 
of responses for the two tests, Days 1 and 2, preceeding actual 
exposure of rats to the pyrolysates). The other symbols, as 
defined on the figure, show the mean response of all animals 
in the group or sub-groups of the animals on the day of the 
pyrolysis-behavior test (Day 3). As before, the first 3 
points represent responses preceeding the burn or pyrolysis 
phase, the 4th is the burn or pyrolysis phase, and the 5th, 

6th, and 7th points represent responses for the 10 minute 
periods following pyrolysis (burn; of the sample. 
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Figure 44 

Sample Y-7683 
(15 grams) 
Group 2 



fT 

H Averaged 2 day baseline, period corresponding to preburn. 

Averaged 2 day baseline, period corresponding to burn. 
w Averaged 2 day baseline, period corresponding to postburn. 

Si Q~0 Test day, preburn period, 

if* €>-€> Test day, b;,rn period. 

Test day, postburn period. 




j] 3 '&~A Averaged 2 day baseline, period corresponding to preburn. 

U, Averaged 2 day baseline, period corresponding to burn. 

Averaged 2 day baseline, period corresponding to postburn. 
C* 3 0~0 Test day, preburn period, 

j Test day, burn period. 

M #— # Test day, postburn period. 
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Piqure 46 
Sample Y-7605 
(10 grams) 
G"Oup 4 



A-A Averaged 2 day baseline, period corresponding to preburn. 

A--A Averaged 2 day baseline, period corresponding to burn. 

ArA Averaged 2 day baseline, period corresponding to postburn. 

0~0 Test day, preburn period. 

€>— 4 ) Test day, burn period. 

# Test day, postburn period. 



Figure 47 
Sample Y- 7685 
(15 grams) 
Group 5 


ORIGINAL PAGE IS 
OF POOR QUALITY 



90 

D 


0 

80 

z 


< 


a 

70 

o 


> 


< 

60 

0 


o 

X 

50 

(0 


H 

40 

2 


w 

t t 



30 


20 




TIME CMIA/S) 


A--A Averaged 2 day baseline, period corresponding to preburn. 

Averaged 2 day baseline, period corresponding to burn. 

Jk~A Averaged 2 day baseline, period corresponding to postburn 

0~0 Test day, preburn period. 

€>—€ Test day, burn period. 

€>— # Test day, postburn period. 





A-A Averaged 2 day baseline, period correspond! ng to preburn. 

Averaged 2 day baseline, period correspond!* ng to burn. 

Averaged 2 day baseline, period correspond! ng to postburn. 

0~0 Test day, preburn period. 
t>— C Test day, burn period. 

Test day, postburn period. 






Figure 49 
Sample Y - 7 684 
(10 qrams) 
Group 7 


TIME (MINS) 


£r-A Averaged 2 day baseline, period corresponding to preburn. 

A’ A Averaged 2 day baseline, period corresponding to burn. 

Jki-A Averaged 2 day baseline, period corresponding to postburn 

O ~0 Test day, preburn period. 

C >-€> Test day, burn period. 

#— # Test day, postburn period. 
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Figure 50 

Sample Y-7684 
(15 qm) 
Group 8 


TIME 


Average 2 day baseline, period correspond!* ng to preburn 

Average 2 day baseline, period correspond!* ng to burn 

Average 2 day baseline, period corresponding to postburn 

Test day, preburn period for animals surviving postburn 

Test day, burn period for animals surviving postburn 
Test day, postburn period for animals surviving postburn 
Test day, preburn period for animals not surviving postburn 
Test day, burn period for animals not surviving postburn 
Test day, postburn period for animals not surviving postburn 
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Figure 51 
Sample Y-/684 

(20 pi) 

Group 9 



riM £ ChiNs) 


Average 2 day baseline, period correspond! ng to preburn 

Average 2 day baseline, period corresponding to burn 

Average 2 day baseline, period corresponding to postburn 

Test day, preburn period for animals surviving postburn 

Test day, burn period for animals surviving postburn 
Test day, postburn period for animals surviving postburn 
Test day, preburn period for animals not surviving postburn 
Test day, burn period for animals not surviving postburn 
Test day, postburn period for animals not surviving postbur 






